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(57) A light source control device controls an opera-
tion of a light source that irradiates an observation target
object with illumination light to generate interference
fringes of the observation target object, the light source
having a configuration in which a plurality of light emitting
units of the illumination light are arranged at a plurality
of emission positions. The light source control device in-
cludes a processor. The processor performs control of
causing the illumination light with a first set light quantity
to be emitted from the plurality of emission positions one
by one in order to obtain a plurality of interference-fringe
images serving as a source of a super-resolution inter-
ference-fringe image with a resolution exceeding a res-
olution of an imaging element that picks up an image of
the interference fringes, and at least one of control of
setting a light quantity of the illumination light to a second
set light quantity different from the first set light quantity
during switching from a current emission position to a
next emission position, or control of causing the illumi-
nation light to be emitted at a separate emission position
separated by at least one emission position from both
the current emission position and the next emission po-
sition during the switching from the current emission po-
sition to the next emission position.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The technology of the present disclosure re-
lates to a light source control device, an operating method
of the light source control device, an operating program
of the light source control device, and a digital holography
system.

2. Description of the Related Art

[0002] In digital holography, an observation target ob-
ject is irradiated with illumination light from a light source.
Then, an interference-fringe image is output from an im-
aging element by the imaging element picking up an im-
age of interference fringes between diffracted light that
is the illumination light diffracted by the observation target
object and reference light that is the illumination light that
does not pass through the observation target object. The
interference-fringe image includes information in the
thickness direction of the observation target object along
an irradiation direction of the illumination light. Thus, a
reconstructed image representing any tomographic
plane of the observation target object can be obtained
by performing appropriate arithmetic processing on the
interference-fringe image.
[0003] WO2021/117328A describes a technology of
generating a super-resolution interference-fringe image
with a resolution exceeding the resolution of an imaging
element and generating a reconstructed image from the
super-resolution interference-fringe image. Specifically,
in WO2021/117328A, illumination light is emitted from a
plurality of emission positions one by one, and an inter-
ference-fringe image for each of the plurality of emission
positions is output. Then, a super-resolution interfer-
ence-fringe image is generated based on the plurality of
interference-fringe images at the respective emission po-
sitions. The interval between adjacent emission positions
is, for example, several tens of micrometers. In
WO2021/117328A, control of synchronizing the emis-
sion timing of illumination light by a light source and the
imaging timing of an interference-fringe image by the im-
aging element is performed.

SUMMARY OF THE INVENTION

[0004] The control of synchronizing the emission tim-
ing of the illumination light and the imaging timing of the
interference-fringe image described in
WO2021/117328A takes time and troublesome. Accord-
ingly, the inventor has devised a method of eliminating
the need for the control of synchronizing the emission
timing of the illumination light and the imaging timing of
the interference-fringe image, and generating a super-
resolution interference-fringe image based on only infor-

mation on an image without using information on the
emission timing and the imaging timing. That is, this is a
method in which a plurality of images are continuously
output from the imaging element while the illumination
light is emitted from the plurality of emission positions
one by one.
[0005] In the above-described method, it is determined
from the image that the emission position of the illumi-
nation light has been switched. However, since the inter-
val between the adjacent emission positions is extremely
as small as, for example, several tens of micrometers, it
is not possible to determine from the image that the emis-
sion position of the illumination light has been switched,
and there is a concern that generation of a super-reso-
lution interference-fringe image will be hindered.
[0006] One embodiment according to the technology
of the present disclosure provides a light source control
device, an operating method of the light source control
device, an operating program of the light source control
device, and a digital holography system capable of
smoothly proceeding with generation of a super-resolu-
tion interference-fringe image.
[0007] A light source control device according to the
present disclosure is a light source control device that
controls an operation of a light source that irradiates an
observation target object with illumination light to gener-
ate interference fringes of the observation target object,
the light source having a configuration in which a plurality
of light emitting units of the illumination light are arranged
at a plurality of emission positions. The light source con-
trol device includes a processor. The processor performs
control of causing the illumination light with a first set light
quantity to be emitted from the plurality of emission po-
sitions one by one in order to obtain a plurality of inter-
ference-fringe images serving as a source of a super-
resolution interference-fringe image with a resolution ex-
ceeding a resolution of an imaging element that picks up
an image of the interference fringes, and at least one of
control of setting a light quantity of the illumination light
to a second set light quantity different from the first set
light quantity during switching from a current emission
position to a next emission position, or control of causing
the illumination light to be emitted at a separate emission
position separated by at least one emission position from
both the current emission position and the next emission
position during the switching from the current emission
position to the next emission position.
[0008] The processor preferably sets the light quantity
of the illumination light to the second set light quantity by
causing the illumination light to be simultaneously emit-
ted at at least two emission positions during the switching
from the current emission position to the next emission
position.
[0009] The processor preferably sets the light quantity
of the illumination light to the second set light quantity by
causing the illumination light not to be emitted during the
switching from the current emission position to the next
emission position.
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[0010] When the control of causing the illumination
light to be emitted at the separate emission position dur-
ing the switching from the current emission position to
the next emission position is performed, the interference-
fringe image obtained at the separate emission position
is also preferably used in addition to the interference-
fringe images obtained at the current emission position
and the next emission position to generate the super-
resolution interference-fringe image.
[0011] The light source is preferably a vertical cavity
surface emitting laser array element.
[0012] The observation target object is preferably a cell
being cultured.
[0013] The illumination light is preferably coherent
light.
[0014] An operating method of a light source control
device according to the present disclosure is an operating
method of a light source control device that controls an
operation of a light source that irradiates an observation
target object with illumination light to generate interfer-
ence fringes of the observation target object, the light
source having a configuration in which a plurality of light
emitting units of the illumination light are arranged at a
plurality of emission positions. The operating method in-
cludes performing control of causing the illumination light
with a first set light quantity to be emitted from the plurality
of emission positions one by one in order to obtain a
plurality of interference-fringe images serving as a source
of a super-resolution interference-fringe image with a res-
olution exceeding a resolution of an imaging element that
picks up an image of the interference fringes; and per-
forming at least one of control of setting a light quantity
of the illumination light to a second set light quantity dif-
ferent from the first set light quantity during switching
from a current emission position to a next emission po-
sition, or control of causing the illumination light to be
emitted at a separate emission position separated by at
least one emission position from both the current emis-
sion position and the next emission position during the
switching from the current emission position to the next
emission position.
[0015] An operating program of a light source control
device according to the present disclosure is an operating
program of a light source control device that controls an
operation of a light source that irradiates an observation
target object with illumination light to generate interfer-
ence fringes of the observation target object, the light
source having a configuration in which a plurality of light
emitting units of the illumination light are arranged at a
plurality of emission positions. The operating program
causes a computer to execute processing. The process-
ing includes performing control of causing the illumination
light with a first set light quantity to be emitted from the
plurality of emission positions one by one in order to ob-
tain a plurality of interference-fringe images serving as a
source of a super-resolution interference-fringe image
with a resolution exceeding a resolution of an imaging
element that picks up an image of the interference fring-

es; and performing at least one of control of setting a light
quantity of the illumination light to a second set light quan-
tity different from the first set light quantity during switch-
ing from a current emission position to a next emission
position, or control of causing the illumination light to be
emitted at a separate emission position separated by at
least one emission position from both the current emis-
sion position and the next emission position during the
switching from the current emission position to the next
emission position.
[0016] A digital holography system according to the
present disclosure is a digital holography system includ-
ing the light source; the above-described light source
control device; and the imaging element. The imaging
element continuously outputs a plurality of images while
the light source emits the illumination light with the first
set light quantity from the plurality of emission positions
one by one.
[0017] According to the technology of the present dis-
closure, it is possible to provide the light source control
device, the operating method of the light source control
device, the operating program of the light source control
device, and the digital holography system capable of
smoothly proceeding with the generation of the super-
resolution interference-fringe image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a diagram illustrating a digital holography
system;
Fig. 2 is a diagram illustrating an imaging apparatus;
Fig. 3 is a view illustrating a part to be observed;
Fig. 4 is a diagram illustrating states of diffracted light
and transmitted light in the vicinity of an imaging sur-
face of an imaging element, and an interference-
fringe image;
Figs. 5A and 5B are diagrams for explaining the for-
mation of interference fringes, Fig. 5A illustrating the
formation of a bright portion of the interference fring-
es, Fig. 5B illustrating the formation of a dark portion
of the interference fringes;
Fig. 6 is a perspective view illustrating a light source;
Fig. 7 is a view illustrating installation positions and
emission positions of light emitting units;
Figs. 8A and 8B are diagrams conceptually illustrat-
ing the generation principle of a super-resolution in-
terference-fringe image, Fig. 8A illustrating a case
where coherent light is emitted from a certain light
emitting unit, Fig. 8B illustrating a case where coher-
ent light is emitted from a light emitting unit adjacent
to the light emitting unit in Fig. 8A in the X direction;
Fig. 9 is a diagram conceptually illustrating the gen-
eration principle of the super-resolution interference-
fringe image;
Fig. 10 is a block diagram illustrating an internal con-
figuration of the imaging apparatus;
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Fig. 11 is a block diagram illustrating processing
units of a CPU of the imaging apparatus;
Fig. 12 is a timing chart illustrating a state of opera-
tion control of the light source by a light source control
unit and operation control of the imaging element by
an imaging control unit;
Fig. 13 is a timing chart illustrating a state of the
operation control of the light source by the light
source control unit and the operation control of the
imaging element by the imaging control unit;
Fig. 14 is a table summarizing a current emission
position, a next emission position, and an emission
position of coherent light with a second set light quan-
tity;
Fig. 15 is a block diagram illustrating a computer
constituting an information processing apparatus;
Fig. 16 is a block diagram illustrating processing
units of a CPU of the information processing appa-
ratus;
Fig. 17 is a diagram illustrating an outline of process-
ing of a luminance calculation unit and a determina-
tion unit;
Fig. 18 is a diagram illustrating an outline of process-
ing of the luminance calculation unit and the deter-
mination unit;
Fig. 19 is a diagram illustrating an outline of process-
ing of an image selection unit;
Fig. 20 is a diagram illustrating a super-resolution
processing unit;
Fig. 21 is a diagram illustrating an example of details
of alignment processing by an alignment processing
unit;
Fig. 22 is a diagram illustrating an example of details
of reconstruction processing by a generation unit;
Fig. 23 is a diagram illustrating an example of an
outline of arithmetic processing by a reconstruction
processing unit;
Fig. 24 is a view illustrating a reconstructed image
display screen;
Fig. 25 is a flowchart presenting a processing pro-
cedure of the imaging apparatus;
Fig. 26 is a flowchart presenting a processing pro-
cedure of the information processing apparatus;
Fig. 27 is a diagram illustrating another example of
emission positions when the coherent light with the
second set light quantity is emitted;
Fig. 28 is a diagram illustrating an aspect in which
the coherent light is not emitted during switching from
the current emission position to the next emission
position;
Fig. 29 is a timing chart illustrating a state of opera-
tion control of a light source by a light source control
unit and operation control of an imaging element by
an imaging control unit according to Embodiment
2-1;
Fig. 30 is a timing chart illustrating a state of the
operation control of the light source by the light
source control unit and the operation control of the

imaging element by the imaging control unit accord-
ing to Embodiment 2-1;
Fig. 31 is a timing chart illustrating a state of the
operation control of the light source by the light
source control unit and the operation control of the
imaging element by the imaging control unit accord-
ing to Embodiment 2-1;
Fig. 32 is a table summarizing a current emission
position, a next emission position, and a separate
emission position according to Embodiment 2-1;
Fig. 33 is a diagram illustrating an outline of process-
ing of an image selection unit according to Embod-
iment 2-1;
Fig. 34 is a table summarizing a current emission
position, a next emission position, and a separate
emission position according to Embodiment 2-2;
Fig. 35 is a diagram illustrating an outline of process-
ing of an image selection unit according to Embod-
iment 2-2;
Fig. 36 is a diagram illustrating an outline of the
processing of the image selection unit according to
Embodiment 2-2;
Fig. 37 is a timing chart illustrating a state of opera-
tion control of a light source by a light source control
unit and operation control of an imaging element by
an imaging control unit according to a combined
mode of Embodiment 1 and Embodiment 2; and
Fig. 38 is a table summarizing a current emission
position, a next emission position, and a separate
emission position according to the combined mode
of Embodiment 1 and Embodiment 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment 1

[0019] As illustrated in Fig. 1 as an example, a digital
holography system 2 includes an imaging apparatus 10
and an information processing apparatus 11. The imag-
ing apparatus 10 and the information processing appa-
ratus 11 are electrically connected to each other, and
can exchange data with each other. A culture container
13 for a cell 12 is introduced into the imaging apparatus
10. The cell 12 is, for example, an induced pluripotent
stem (iPS) cell, a fertilized egg, or the like, and is an
example of an "observation target object" according to
the technology of the present disclosure. The information
processing apparatus 11 is, for example, a desktop-type
personal computer.
[0020] As illustrated in Fig. 2 as an example, the im-
aging apparatus 10 includes a light source 20, a stage
21, and an imaging element 22. The light source 20 emits
coherent light 23 toward the culture container 13 placed
on the stage 21. The coherent light 23 is incident on the
cell 12 and the culture container 13. More specifically,
as illustrated in Fig. 3 as an example, the entire region
of a part to be observed 25 that is a partial region close
to the center of the culture container 13 is irradiated with
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the coherent light 23. The part to be observed 25 has,
for example, a size of 1 mm 3 1 mm. The coherent light
23 is an example of "illumination light" according to the
technology of the present disclosure. The Z direction is
a direction substantially parallel to an irradiation direction
of the coherent light 23. The X direction and the Y direc-
tion are directions orthogonal to the Z direction and par-
allel to an imaging surface 32 (see Fig. 4) of the imaging
element 22. Also, the X direction and the Y direction are
directions orthogonal to each other and extending along
an arrangement direction of pixels 45 (see Figs. 8A and
8B) of the imaging element 22.
[0021] As illustrated in Fig. 4 as an example, the co-
herent light 23 incident on the cell 12 and the culture
container 13 is divided into diffracted light 30 diffracted
by the cell 12 and the culture container 13 and transmitted
light (also referred to as reference light) 31 transmitted
without passing through the cell 12 and the culture con-
tainer 13. The diffracted light 30 and the transmitted light
31 interfere with each other on the imaging surface 32
of the imaging element 22, and interference fringes 33
are generated. The imaging element 22 picks up an im-
age of the interference fringes 33 and outputs an inter-
ference-fringe image 34.
[0022] As illustrated in Figs. 5A and 5B as an example,
among lines indicating the diffracted light 30 and the
transmitted light 31, solid lines indicate the wavefronts
of the diffracted light 30 and the transmitted light 31 with
the maximum amplitudes. In contrast, dashed lines indi-
cate the wavefronts of the diffracted light 30 and the trans-
mitted light 31 with the minimum amplitudes. A white spot
35 illustrated on the imaging surface 32 is a portion where
the wavefronts of the diffracted light 30 and the transmit-
ted light 31 are aligned and strengthen each other (see
Fig. 5A). The portion of the white spot 35 appears as a
bright portion 36 in the interference fringes 33. In contrast,
a black spot 37 illustrated on the imaging surface 32 is
a portion where the wavefronts of the diffracted light 30
and the transmitted light 31 are shifted by a half-wave-
length and weaken each other (see Fig. 5B). The portion
of the black spot 37 appears as a dark portion 38 in the
interference fringes 33.
[0023] As illustrated in Fig. 6 as an example, the light
source 20 is a vertical cavity surface emitting laser array
element (VCSEL), and has a rectangular parallelepiped
housing 40. On a surface of the housing 40 facing the
stage 21, 535 = 25 of light emitting units 41 are arranged
at equal intervals in the X direction and the Y direction.
The light emitting units 41 individually emit the coherent
light 23. The light emitting units 41 each have a size of,
for example, the order of several micrometers. Also, the
interval between the adjacent light emitting units 41 is,
for example, several tens of micrometers.
[0024] As illustrated in Fig. 7 as an example, the in-
stallation positions of the respective light emitting units
41, such as IP11, IP12, ..., IP54, and IP55, are a plurality
of emission positions of the coherent light 23 having dif-
ferent irradiation angles. By using the light source 20 hav-

ing such a configuration in which the plurality of light emit-
ting units 41 are arranged at the plurality of emission
positions IP11 to IP55, it is possible to generate a super-
resolution interference-fringe image 113 (see Fig. 9 and
the like) with a resolution exceeding the resolution of the
imaging element 22. Note that "having different irradia-
tion angles" means that the incidence angles of the co-
herent light 23 with respect to the imaging surface 32 of
the imaging element 22 are different. Also, Fig. 7 is a
view of the light source 20 viewed from the side of the
imaging element 22.
[0025] Figs. 8A, 8B, and 9 are diagrams conceptually
illustrating the generation principle of the super-resolu-
tion interference-fringe image 113. Referring first to Figs.
8A and 8B, Fig. 8A illustrates a case where coherent light
23 is emitted from a certain light emitting unit 41A, and
Fig. 8B illustrates a case where coherent light 23 is emit-
ted from a light emitting unit 41B adjacent to the light
emitting unit 41 A in the X direction. The incidence angle
of the coherent light 23 from the light emitting unit 41A
on the cell 12 is different from the incidence angle of the
coherent light 23 from the light emitting unit 41B on the
cell 12. Accordingly, information on the interference fring-
es 33 due to the cell 12, which is obtained by the pixels
45 of the imaging element 22, also differs. Thus, inter-
ference-fringe images 34A and 34B having different pixel
values are obtained in the case of Fig. 8A and the case
of Fig. 8B, respectively. Each + (white circle) mark rep-
resents a pixel value of the interference-fringe image
34A, and each h (white square) mark represents a pixel
value of the interference-fringe image 34B. Note that the
pixels 45 of the imaging element 22 each have a size of,
for example, 2 mm 3 2 mm.
[0026] It is assumed that sampling points of the cell 12
are shifted by a half of the pixel 45, that is, half a pixel
between the case of Fig. 8A and the case of Fig. 8B. In
this case, as illustrated in Fig. 9, for example, the inter-
ference-fringe image 34B obtained in the case of Fig. 8B
is shifted by half a pixel with reference to the interference-
fringe image 34A obtained in the case of Fig. 8A to obtain
an interference-fringe image 34BB. Then, the interfer-
ence-fringe image 34A obtained in the case of Fig. 8A
and the interference-fringe image 34BB are integrated
to obtain an interference-fringe image 34ABB. The inter-
ference-fringe image 34ABB is an image having the
number of pixels twice that of the interference-fringe im-
age 34A or 34B. That is, the interference-fringe image
34ABB is a super-resolution interference-fringe image
113 with a resolution exceeding the resolution of the im-
aging element 22. Note that processing of shifting the
interference-fringe image 34B by half a pixel to obtain
the interference-fringe image 34BB is referred to as align-
ment processing. Also, processing of integrating the in-
terference-fringe image 34A and the interference-fringe
image 34BB is referred to as reconstruction processing.
[0027] Although the description is provided in a one-
dimensional manner only in the X direction with reference
to Figs. 8A, 8B, and 9, the basic idea of the generation
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principle of the super-resolution interference-fringe im-
age 113 is the same even in a two-dimensional manner
in which the Y direction is added thereto. For example,
a case where coherent light 23 is emitted from each of
232 = 4 of the light emitting units 41 adjacent in the X
direction and the Y direction, and an interference-fringe
image 34 is output from the imaging element 22 each
time the coherent light 23 is emitted is considered. In this
case, assuming that sampling points of the cell 12 are
shifted by half a pixel as described above, a super-res-
olution interference-fringe image 113 having the number
of pixels that is 232 = 4 times that of the interference-
fringe image 34 output from the imaging element 22 is
obtained.
[0028] As illustrated in Fig. 10 as an example, the im-
aging apparatus 10 includes a storage 50, a memory 51,
a central processing unit (CPU) 52, and a communication
unit 53. The storage 50, the memory 51, the CPU 52,
and the communication unit 53 are connected to each
other via a busline 54. The light source 20 and the imaging
element 22 are also connected to the busline 54. In ad-
dition to these, an operating unit or the like for inputting
a shooting start instruction of the interference-fringe im-
age 34 is also connected to the busline 54. The storage
50, the memory 51, the CPU 52, the communication unit
53, and the busline 54 constitute a computer 55. The
computer 55 functions as a light source control device
56 of the present disclosure.
[0029] The storage 50 is a hard disk drive or a solid
state drive. The memory 51 is a work memory for the
CPU 52 to execute processing. The CPU 52 loads a pro-
gram stored in the storage 50 into the memory 51, and
executes processing in accordance with the program.
Accordingly, the CPU 52 generally controls each unit of
the computer 55. The CPU 52 is an example of a "proc-
essor" according to the technology of the present disclo-
sure. The communication unit 53 performs transmission
control of various kinds of information with an external
apparatus such as the information processing apparatus
11 via a network such as a local area network (LAN).
[0030] As illustrated in Fig. 11 as an example, an op-
erating program 60 is stored in the storage 50. The op-
erating program 60 is an application program for causing
the computer 55 to function as the light source control
device 56 of the present disclosure. That is, the operating
program 60 is an example of an "operating program of a
light source control device" according to the technology
of the present disclosure.
[0031] When the operating program 60 is activated,
the CPU 52 cooperates with the memory 51 and the like
to function as a light source control unit 65, an imaging
control unit 66, and a transmission control unit 67. Of
these units, the light source control unit 65 implements
a function of the light source control device 56 of the
present disclosure.
[0032] The light source control unit 65 controls the op-
eration of the light source 20 to cause the light emitting
unit 41 to emit the coherent light 23. The imaging control

unit 66 controls the operation of the imaging element 22
to cause the imaging element 22 to output the interfer-
ence-fringe image 34. The light source control unit 65
and the imaging control unit 66 independently control the
operation of the light source 20 and the operation of the
imaging element 22, respectively.
[0033] The transmission control unit 67 receives the
interference-fringe image 34 from the imaging element
22. The transmission control unit 67 performs control of
transmitting an interference-fringe image group 69 con-
stituted of a plurality of interference-fringe images 34 to
the information processing apparatus 11. Alternatively,
the transmission control unit 67 may transmit the inter-
ference-fringe images 34 one by one to the information
processing apparatus 11.
[0034] As illustrated in Figs. 12 and 13, and Table 75
in Fig. 14 as an example, when the shooting start instruc-
tion of the interference-fringe image 34 is input, the light
source control unit 65 performs control of causing the
coherent light 23 with a first set light quantity SLIK to be
emitted from the emission positions IP11 to IP55 sequen-
tially one by one. Also, the light source control unit 65
performs control of setting the light quantity of the coher-
ent light 23 to a second set light quantity SLIL different
from the first set light quantity SLIK during switching from
a current emission position IP to a next emission position
IP. More specifically, the light source control unit 65 caus-
es the coherent light 23 to be simultaneously emitted at
four emission positions IP during switching from the cur-
rent emission position IP to the next emission position
IP, thereby setting the light quantity of the coherent light
23 to the second set light quantity SLIL. Thus, the second
set light quantity SLIL is substantially four times the first
set light quantity SLIK. The emission time of the coherent
light 23 with the second set light quantity SLIL is the same
as the emission time of the coherent light 23 with the first
set light quantity SLIK from each of the emission positions
IP11 to IP55.
[0035] The imaging control unit 66 starts the operation
of the imaging element 22 before the start of the emission
of the coherent light 23 at the emission position IP11.
Then, the imaging element 22 is caused to perform so-
called motion picture shooting in which the interference-
fringe image 34 is continuously output at a predetermined
frame interval FS. The frame interval FS is approximately
1/4 of the emission interval of the coherent light 23 at one
emission position IP, and is, for example, 16.7 msec (60
frames per second (fps) in frame rate conversion). Note
that, hereinafter, the interference-fringe image 34 output
from the imaging element 22 when the coherent light 23
with the first set light quantity SLIK is emitted is referred
to as an interference-fringe image 34K for convenience.
Also, the interference-fringe image 34 output from the
imaging element 22 when the coherent light 23 with the
second set light quantity SLIL is emitted is referred to as
an interference-fringe image 34L for convenience.
[0036] Fig. 12 illustrates a transition from the emission
position IP11 to the emission position IP15. First, the light
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source control unit 65 causes the coherent light 23 with
the first set light quantity SLIK to be emitted from the
emission position IP11. During this period, the imaging
control unit 66 causes the imaging element 22 to output
four interference-fringe images 34K. Subsequently, the
light source control unit 65 causes the coherent light 23
to be simultaneously emitted from the emission positions
IP11, IP12, IP21, and IP22. That is, the coherent light 23
with the second set light quantity SLIL is emitted from
the emission positions IP11, IP12, IP21, and IP22. During
this period, the imaging control unit 66 causes the imag-
ing element 22 to output four interference-fringe images
34L. Then, the light source control unit 65 causes the
coherent light 23 with the first set light quantity SLIK to
be emitted from the emission position IP12. During this
period, the imaging control unit 66 causes the imaging
element 22 to output four interference-fringe images 34K.
Subsequently, the light source control unit 65 causes the
coherent light 23 to be simultaneously emitted from the
emission positions IP12, IP13, IP22, and IP23. That is,
the coherent light 23 with the second set light quantity
SLIL is emitted from the emission positions IP12, IP13,
IP22, and IP23. During this period, the imaging control
unit 66 causes the imaging element 22 to output four
interference-fringe images 34L. Thereafter, the light
source control unit 65 and the imaging control unit 66
perform similar control.
[0037] Fig. 13 illustrates a transition from the emission
position IP51 to the emission position IP55. The light
source control unit 65 causes the coherent light 23 with
the first set light quantity SLIK to be emitted from the
emission position IP51. During this period, the imaging
control unit 66 causes the imaging element 22 to output
four interference-fringe images 34K. Subsequently, the
light source control unit 65 causes the coherent light 23
to be simultaneously emitted from the emission positions
IP11, IP12, IP51, and IP52. That is, the coherent light 23
with the second set light quantity SLIL is emitted from
the emission positions IP11, IP12, IP51, and IP52. During
this period, the imaging control unit 66 causes the imag-
ing element 22 to output four interference-fringe images
34L. Then, the light source control unit 65 causes the
coherent light 23 with the first set light quantity SLIK to
be emitted from the emission position IP52. During this
period, the imaging control unit 66 causes the imaging
element 22 to output four interference-fringe images 34K.
Subsequently, the light source control unit 65 causes the
coherent light 23 to be simultaneously emitted from the
emission positions IP12, IP13, IP52, and IP53. That is,
the coherent light 23 with the second set light quantity
SLIL is emitted from the emission positions IP12, IP13,
IP52, and IP53. During this period, the imaging control
unit 66 causes the imaging element 22 to output four
interference-fringe images 34L. Thereafter, the light
source control unit 65 and the imaging control unit 66
perform similar control. Then, finally, the coherent light
23 with the first set light quantity SLIK is emitted from the
emission position IP55, and four interference-fringe im-

ages 34K are output from the imaging element 22. Thus,
a plurality of interference-fringe images 34 (a plurality of
interference-fringe images 34K and a plurality of interfer-
ence-fringe images 34L) are obtained. An interference-
fringe image group 69 is constituted of the plurality of
interference-fringe images 34.
[0038] Note that, for convenience of description, Figs.
12 and 13 illustrate an example in which the switching
timing of the emission position IP and the exposure start
timing of the frame of the imaging element 22 coincide
with each other. However, since the light source 20 and
the imaging element 22 are independently controlled, it
is rare that the switching timing of the emission position
IP and the exposure start timing of the frame of the im-
aging element 22 coincide with each other in practice.
The same applies to Figs. 27 to 31 described later.
[0039] Table 75 in Fig. 14 summarizes the current
emission position IP, the next emission position IP, and
the emission position IP of the coherent light 23 with the
second set light quantity SLIL. For example, when the
current emission position IP is IP24, the emission posi-
tions IP of the coherent light 23 with the second set light
quantity SLIL are IP24, IP25, IP34, and IP35. Also, for
example, when the current emission position P is IP45,
the emission positions IP of the coherent light 23 with the
second set light quantity SLIL are IP11, IP45, IP51, and
IP55.
[0040] As illustrated in Fig. 15 as an example, the com-
puter constituting the information processing apparatus
11 includes a storage 80, a memory 81, a CPU 82, a
communication unit 83, a display 84, and an input device
85. These are connected to each other via a busline 86.
[0041] The storage 80 is a hard disk drive built in the
computer constituting the information processing appa-
ratus 11 or connected via a cable or a network. Alterna-
tively, the storage 80 is a disk array in which a plurality
of hard disk drives are mounted in a connected manner.
The storage 80 stores a control program such as an op-
erating system, various application programs, various
kinds of data associated with these programs, and the
like. Alternatively, a solid state drive may be used instead
of the hard disk drive.
[0042] The memory 81 is a work memory for the CPU
82 to execute processing. The CPU 82 loads the program
stored in the storage 80 into the memory 81, and exe-
cutes processing in accordance with the program. Ac-
cordingly, the CPU 82 generally controls each unit of the
computer.
[0043] The communication unit 83 performs transmis-
sion control of various kinds of information with an exter-
nal apparatus such as the imaging apparatus 10 via a
network such as a LAN. The display 84 displays various
screens. The computer constituting the information
processing apparatus 11 receives an input of an opera-
tion instruction from the input device 85 through the var-
ious screens. The input device 85 is a keyboard, a mouse,
a touch panel, a microphone for voice input, or the like.
[0044] As illustrated in Fig. 16 as an example, the stor-
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age 80 of the information processing apparatus 11 stores
an operating program 90. The storage 80 also stores an
interference-fringe image group 69 and a threshold value
91.
[0045] When the operating program 90 is activated,
the CPU 82 of the computer constituting the information
processing apparatus 11 cooperates with the memory
81 and the like to function as a read write (hereinafter,
abbreviated as RW) control unit 100, a luminance calcu-
lation unit 101, a determination unit 102, an image se-
lection unit 103, a super-resolution processing unit 104,
a reconstruction processing unit 105, and a display con-
trol unit 106.
[0046] The RW control unit 100 controls storing of var-
ious kinds of data in the storage 80 and reading out of
various kinds of data in the storage 80. For example, the
RW control unit 100 stores the interference-fringe image
group 69 from the imaging apparatus 10, in the storage
80. The RW control unit 100 reads out the interference-
fringe image group 69 from the storage 80, and outputs
the read out interference-fringe image group 69 to the
luminance calculation unit 101 and the image selection
unit 103. Also, the RW control unit 100 reads out the
threshold value 91 from the storage 80, and outputs the
read out threshold value 91 to the determination unit 102.
[0047] The luminance calculation unit 101 calculates
a representative value of luminance for each of the plu-
rality of interference-fringe images 34 constituting the in-
terference-fringe image group 69. The representative
value is, for example, an average value, a maximum val-
ue, a minimum value, or a mode value. The luminance
calculation unit 101 outputs a luminance calculation re-
sult group 110 that is a collection of luminance calculation
results 120 (see Fig. 17 and the like) of the respective
interference-fringe images 34 to the determination unit
102.
[0048] The determination unit 102 compares the mag-
nitudes between the threshold value 91 and the lumi-
nance calculation result 120. Then, it is determined
whether the interference-fringe image 34 indicating the
luminance calculation result 120 is the interference-
fringe image 34K output from the imaging element 22
when the coherent light 23 with the first set light quantity
SLIK is emitted or the interference-fringe image 34L out-
put from the imaging element 22 when the coherent light
23 with the second set light quantity SLIL is emitted. The
determination unit 102 outputs a determination result
group 111 that is a collection of determination results 121
(see Fig. 17 and the like) of the respective interference-
fringe images 34 to the image selection unit 103.
[0049] The image selection unit 103 selects the inter-
ference-fringe image 34 determined as the interference-
fringe image 34K by the determination unit 102 as an
interference-fringe image 34 serving as a source of a
super-resolution interference-fringe image 113. The im-
age selection unit 103 outputs a selected interference-
fringe image group 112 that is a collection of selected
interference-fringe images 34 to the super-resolution

processing unit 104. Note that, hereinafter, the interfer-
ence-fringe image 34 selected by the image selection
unit 103 is referred to as a selected interference-fringe
image 123 (see Fig. 19) for convenience.
[0050] The super-resolution processing unit 104 gen-
erates a super-resolution interference-fringe image 113
from the selected interference-fringe image group 112.
The super-resolution processing unit 104 outputs the su-
per-resolution interference-fringe image 113 to the re-
construction processing unit 105.
[0051] The reconstruction processing unit 105 gener-
ates a reconstructed image 114 from the super-resolution
interference-fringe image 113. The reconstruction
processing unit 105 outputs the reconstructed image 114
to the display control unit 106.
[0052] The display control unit 106 controls display of
various screens on the display 84. The various screens
include a reconstructed image display screen 150 (see
Fig. 24) for displaying the reconstructed image 114, and
the like.
[0053] As illustrated in Fig. 17 as an example, when a
luminance YK of a luminance calculation result 120 is
less than a luminance YH of the threshold value 91 (YK
< YH), the determination unit 102 determines that an in-
terference-fringe image 34 indicating the luminance cal-
culation result 120 is an interference-fringe image 34K
output from the imaging element 22 when the coherent
light 23 with the first set light quantity SLIK is emitted,
and outputs a determination result 121 indicating the de-
termination. In contrast, as illustrated in Fig. 18 as an
example, when a luminance YL of a luminance calcula-
tion result 120 is equal to or more than the luminance YH
of the threshold value 91 (YL ≥ YH), the determination
unit 102 determines that an interference-fringe image 34
indicating the luminance calculation result 120 is an in-
terference-fringe image 34L output from the imaging el-
ement 22 when the coherent light 23 with the second set
light quantity SLIL is emitted, and outputs a determination
result 121 indicating the determination.
[0054] As illustrated in Fig. 19 as an example, the im-
age selection unit 103 generates a selected interference-
fringe image 123 by combining two intermediate interfer-
ence-fringe images 34 interposed between two first and
last interference-fringe images 34 among a series of four
interference-fringe images 34 whose determination re-
sults 121 indicate interference-fringe images 34K. The
combination of the two interference-fringe images 34 is,
specifically, processing of adding the pixel values of the
respective pixels of the two interference-fringe images
34, dividing the sum by 2, and setting the obtained value
as the pixel value of the selected interference-fringe im-
age 123. The image selection unit 103 does not select,
as a selected interference-fringe image 123, the two first
and last interference-fringe images 34 that have not been
used for the combination as indicated by 3 marks, and
discards the two first and last interference-fringe images
34. Also, the image selection unit 103 does not select,
as a selected interference-fringe image 123, the interfer-
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ence-fringe images 34 whose determination results 121
indicate interference-fringe images 34L, and discards the
interference-fringe images 34. The reason why the two
first and last interference-fringe images 34 whose deter-
mination results 121 indicate the interference-fringe im-
ages 34K are discarded among the series of four inter-
ference-fringe images 34 is that the two first and last in-
terference-fringe images 34 may be affected by the co-
herent light 23 from the previous emission position IP
and the coherent light 23 from the next emission position
IP.
[0055] Fig. 19 illustrates a state in which a selected
interference-fringe image 123 is generated from two in-
terference-fringe images 34 of frame numbers 02 and 03
among interference-fringe images 34 of frame numbers
01 to 04 output from the imaging element 22 when the
coherent light 23 with the first set light quantity SLIK is
emitted from the emission position IP11. Also, a state is
illustrated in which a selected interference-fringe image
123 is generated from two interference-fringe images 34
of frame numbers 10 and 11 among interference-fringe
images 34 of frame numbers 09 to 12 output from the
imaging element 22 when the coherent light 23 with the
first set light quantity SLIK is emitted from the emission
position IP12. Also, Fig. 19 illustrates a state in which
interference-fringe images 34 of frame numbers 05 to 08
output from the imaging element 22 when the coherent
light 23 with the second set light quantity SLIL is emitted
from the emission positions IP11, IP12, IP21, and IP22
are discarded. Also, a state is illustrated in which inter-
ference-fringe images 34 of frame numbers 13 to 16 out-
put from the imaging element 22 when the coherent light
23 with the second set light quantity SLIL is emitted from
the emission positions IP12, IP13, IP22, and IP23 are
discarded.
[0056] The image selection unit 103 attaches informa-
tion on an emission position IP to each selected interfer-
ence-fringe image 123. The emission position IP can be
recognized from the shot date and time and the determi-
nation result 121 of each interference-fringe image 34.
[0057] As illustrated in Fig. 20 as an example, the su-
per-resolution processing unit 104 has an alignment
processing unit 125 and a generation unit 126. The align-
ment processing unit 125 performs the alignment
processing whose outline is illustrated in Fig. 9 on the
plurality of selected interference-fringe images 123 con-
stituting the selected interference-fringe image group
112. The alignment processing unit 125 outputs align-
ment information 127 that is a result of the alignment
processing to the generation unit 126.
[0058] The generation unit 126 performs the recon-
struction processing whose outline is illustrated in Fig. 9
on the plurality of selected interference-fringe images
123 constituting the selected interference-fringe image
group 112 while referring to the alignment information
127. Accordingly, a super-resolution interference-fringe
image 113 is generated.
[0059] Fig. 21 is a diagram illustrating an example of

details of the alignment processing by the alignment
processing unit 125. The alignment processing unit 125
performs the alignment processing by, for example, re-
gion-based matching. First, the alignment processing
unit 125 applies various deformation parameters such
as translation, rotation, and enlargement/reduction to an
alignment target image 130 to deform the alignment tar-
get image 130, thereby obtaining a deformed alignment
target image 130D (step ST 1). Next, the deformed align-
ment target image 130D and an alignment standard im-
age 131 are compared to each other, and a similarity
therebetween is calculated (step ST2). Then, the defor-
mation parameter is updated so that the similarity be-
comes higher (step ST3). The alignment processing unit
125 repeats the processing of these steps ST1 to ST3
until the similarity between the deformed alignment target
image 130D and the alignment standard image 131 be-
comes equal to or more than a predetermined threshold
value. The alignment processing unit 125 outputs the de-
formation parameter when the similarity between the de-
formed alignment target image 130D and the alignment
standard image 131 is equal to or more than the threshold
value to the generation unit 126 as alignment information
127.
[0060] The alignment standard image 131 is one of the
plurality of selected interference-fringe images 123 con-
stituting the selected interference-fringe image group
112, and the alignment target image 130 is the selected
interference-fringe image 123 other than the alignment
standard image 131. The alignment standard image 131
is, for example, a selected interference-fringe image 123
obtained when the coherent light 23 is emitted from the
light emitting unit 41 at the emission position IP33 that is
the center of the emission positions IP.
[0061] Fig. 22 is a diagram illustrating an example of
details of the reconstruction processing by the generation
unit 126. The generation unit 126 performs, for example,
the reconstruction processing by maximum a posteriori
(MAP) estimation. First, the generation unit 126 gener-
ates an appropriate assumed super-resolution interfer-
ence-fringe image 113AS, and generates an estimated
selected interference-fringe image group 112ES from the
assumed super-resolution interference-fringe image
113AS based on a point spread function (PSF) of the
imaging element 22, the alignment information 127, and
the like (step ST5). Next, the estimated selected interfer-
ence-fringe image group 112ES is compared to an actual
selected interference-fringe image group 112 (step ST6).
Then, the assumed super-resolution interference-fringe
image 113AS is updated so that the difference between
the estimated selected interference-fringe image group
112ES and the actual selected interference-fringe image
group 112 becomes small (step ST7). The generation
unit 126 repeats the processing of these steps ST5 to
ST7 until the difference between the estimated selected
interference-fringe image group 112ES and the actual
selected interference-fringe image group 112 becomes
less than a predetermined threshold value. The genera-
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tion unit 126 outputs the assumed super-resolution inter-
ference-fringe image 113AS when the difference be-
tween the estimated selected interference-fringe image
group 112ES and the actual selected interference-fringe
image group 112 is less than the threshold value, as a
final super-resolution interference-fringe image 113.
[0062] Fig. 23 is a diagram illustrating an example of
an outline of arithmetic processing by the reconstruction
processing unit 105. The reconstruction processing unit
105 first reconstructs the super-resolution interference-
fringe image 113 to generate a reconstructed image 114.
A reconstructed image group 140 is a collection of a plu-
rality of reconstructed images 114. Each of the plurality
of reconstructed images 114 is an image representing
each of tomographic planes 141 arranged at equal inter-
vals in the thickness direction of the cell 12 and the culture
container 13 along the Z direction.
[0063] The reconstruction processing unit 105 selects
one most focused reconstructed image 114 from among
the plurality of reconstructed images 114 of the recon-
structed image group 140. The reconstruction process-
ing unit 105 outputs the selected reconstructed image
114 to the display control unit 106. Note that, as a method
of selecting the most focused reconstructed image 114,
a method of calculating a contrast value of each of the
plurality of reconstructed images 114 and selecting the
reconstructed image 114 having the highest contrast val-
ue as the most focused reconstructed image 114, or the
like, can be employed.
[0064] As illustrated in Fig. 24 as an example, the re-
constructed image 114 is displayed together with at-
tribute information 151 on the reconstructed image dis-
play screen 150. The attribute information 151 includes
the type of the cell 12, the number of days of culture of
the cell 12, the type of the culture container 13, and the
type and the use amount of the culture medium. The dis-
play of the reconstructed image display screen 150 dis-
appears when a confirmation button 152 is selected. The
reconstructed image 114 may be stored in the storage
80 in accordance with an operation instruction of the user.
[0065] Next, an operation by the above-described con-
figuration will be described with reference to flowcharts
presented in Fig. 25 and Fig. 26 as an example. When
the operating program 60 is activated in the imaging ap-
paratus 10, as illustrated in Fig. 11, the CPU 52 of the
imaging apparatus 10 functions as the light source con-
trol unit 65, the imaging control unit 66, and the trans-
mission control unit 67.
[0066] In Fig. 25, when the shooting start instruction
of the interference-fringe image 34 has been input, as
illustrated in Figs. 12 and 13, the operation of the imaging
element 22 is started under the control of the imaging
control unit 66, and the interference-fringe image 34 is
continuously output from the imaging element 22 at the
predetermined frame interval FS (step ST100). Then, un-
der the control of the light source control unit 65, the
coherent light 23 with the first set light quantity SLIK is
emitted from the light emitting unit 41 at one emission

position IP (step ST110). Subsequently, the coherent
light 23 with the second set light quantity SLIL is emitted
from the light emitting units 41 at four emission positions
IP (step ST120). The processing of these steps ST110
and ST120 is repeated such that the emission positions
IP are sequentially switched while the emission of the
coherent light 23 with the first set light quantity SLIK at
all the emission positions IP is not ended (NO in step
ST130). During this processing, a plurality of interfer-
ence-fringe images 34 are sequentially output from the
imaging element 22 at the frame interval FS.
[0067] When the emission of the coherent light 23 with
the first set light quantity SLIK at all the emission positions
IP has been ended (YES in step ST130), the operation
of the imaging element 22 is stopped under the control
of the imaging control unit 66 (step ST140). Then, the
transmission control unit 67 transmits the interference-
fringe image group 69 to the information processing ap-
paratus 11 (step ST150).
[0068] When the operating program 90 is activated in
the information processing apparatus 11, as illustrated
in Fig. 16, the CPU 82 of the information processing ap-
paratus 11 functions as the RW control unit 100, the lu-
minance calculation unit 101, the determination unit 102,
the image selection unit 103, the super-resolution
processing unit 104, the reconstruction processing unit
105, and the display control unit 106.
[0069] The information processing apparatus 11 re-
ceives the interference-fringe image group 69 from the
imaging apparatus 10. The interference-fringe image
group 69 is stored in the storage 80 by the RW control
unit 100.
[0070] In Fig. 26, the RW control unit 100 reads out
the interference-fringe image group 69 from the storage
80 (step ST200). The interference-fringe image group 69
is output from the RW control unit 100 to the luminance
calculation unit 101 and the image selection unit 103.
[0071] The luminance calculation unit 101 calculates
a representative value of the luminance of each of the
plurality of interference-fringe images 34 constituting the
interference-fringe image group 69 (step ST210). Then,
a luminance calculation result group 110 that is a collec-
tion of luminance calculation results 120 is output from
the luminance calculation unit 101 to the determination
unit 102.
[0072] As illustrated in Figs. 17 and 18, the determina-
tion unit 102 compares the magnitudes between the
threshold value 91 and the luminance calculation result
120 to determine whether the interference-fringe image
34 is the interference-fringe image 34K or the interfer-
ence-fringe image 34L (step ST220). Then, a determi-
nation result group 111 that is a collection of determina-
tion results 121 is output from the determination unit 102
to the image selection unit 103.
[0073] As illustrated in Fig. 19, the image selection unit
103 selects an interference-fringe image 34 determined
as the interference-fringe image 34K by the determina-
tion unit 102 as an interference-fringe image 34 serving
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as a source of a super-resolution interference-fringe im-
age 113, that is, a selected interference-fringe image 123
(step ST230). Then, a selected interference-fringe image
group 112 that is a collection of selected interference-
fringe images 123 is output from the image selection unit
103 to the super-resolution processing unit 104.
[0074] As illustrated in Figs. 20 to 22, the super-reso-
lution processing unit 104 performs the alignment
processing and the reconstruction processing, and a su-
per-resolution interference-fringe image 113 is generat-
ed from the selected interference-fringe image group 112
(step ST240). The super-resolution interference-fringe
image 113 is output from the super-resolution processing
unit 104 to the reconstruction processing unit 105.
[0075] As illustrated in Fig. 23, the reconstruction
processing unit 105 generates a reconstructed image
114 from the super-resolution interference-fringe image
113 (step ST250). The reconstructed image 114 is output
from the reconstruction processing unit 105 to the display
control unit 106. Then, as illustrated in Fig. 24, under the
control of the display control unit 106, the reconstructed
image display screen 150 is displayed on the display 84,
and the reconstructed image 114 is provided for viewing
by the user (step ST260).
[0076] As described above, the light source control unit
65 in the CPU 52 of the imaging apparatus 10 controls
the operation of the light source 20. The light source 20
irradiates the cell 12 with the coherent light 23 to generate
interference fringes 33 of the cell 12. Also, the light source
20 has a configuration in which the plurality of light emit-
ting units 41 of the coherent light 23 are arranged at the
plurality of emission positions IP. The light source control
unit 65 performs control of causing the coherent light 23
with the first set light quantity SLIK to be emitted from
the plurality of emission positions IP one by one to obtain
a plurality of interference-fringe images 34 (selected in-
terference-fringe images 123) serving as a source of a
super-resolution interference-fringe image 113 with a
resolution exceeding the resolution of the imaging ele-
ment 22 that picks up an image of the interference fringes
33. Also, the light source control unit 65 performs control
of setting the light quantity of the coherent light 23 to the
second set light quantity SLIL different from the first set
light quantity SLIK during switching from the current
emission position IP to the next emission position IP.
More specifically, the light source control unit 65 causes
the coherent light 23 to be simultaneously emitted at the
four emission positions IP during switching from the cur-
rent emission position IP to the next emission position
IP, thereby setting the light quantity of the coherent light
23 to the second set light quantity SLIL. Thus, it is pos-
sible to easily determine that the emission position IP of
the coherent light 23 has been switched from the inter-
ference-fringe image 34. As a result, it is possible to
smoothly proceed with the generation of the super-res-
olution interference-fringe image 113.
[0077] The light source 20 is a VCSEL. The VCSEL is
very popular as a light source in which a plurality of light

emitting units 41 are arranged at equal intervals in the X
direction and the Y direction, and is relatively inexpensive
and easy to control. Thus, by using the VCSEL as the
light source 20, it is possible to reduce the manufacturing
cost of the imaging apparatus 10.
[0078] The field of cell culture has been spotlighted
recently with the advent of iPS cells and the like. Thus,
there is a demand for a technology of analyzing cells 12
being cultured in detail with as little trouble as possible.
In the technology of the present disclosure, the observa-
tion target object is a cell 12 being cultured. Thus, it can
be said that the technology of the present disclosure is
a technology capable of responding to recent demands.
[0079] The irradiation light of the light source 20 is co-
herent light 23. Thus, it is possible to generate interfer-
ence fringes 33 in which the difference between the bright
portion 36 and the dark portion 38 is clearer. As a result,
the image quality of the reconstructed image 114 can be
improved.
[0080] In the example illustrated in Figs. 12 to 14, the
coherent light 23 with the second set light quantity SLIL
is emitted while the four emission positions IP are se-
quentially shifted in accordance with the one emission
position IP; however, the present disclosure is not limited
thereto. As illustrated in Fig. 27 as an example, the co-
herent light 23 may be simultaneously emitted from four
emission positions IP23, IP32, IP34, and IP43 surround-
ing the upper, lower, left, and right sides of the emission
position IP33 that is the center of the emission positions
IP to emit the coherent light 23 with the second set light
quantity SLIL. Since it is sufficient to cause the light emit-
ting unit 41 at the same emission position IP to emit light
at all times when the coherent light 23 with the second
set light quantity SLIL is emitted, the control is simple.
[0081] Note that the emission positions IP when the
coherent light 23 with the second set light quantity SLIL
is emitted are not limited to the exemplified four positions.
The number of positions may be two, three, or five or
more. The light emitting units 41 at all the emission po-
sitions IP may be caused to emit light. When the light
emitting units 41 at all the emission positions IP are
caused to emit light, the control is the simplest.
[0082] Also, the second set light quantity SLIL may be
lower than the first set light quantity SLIK. As illustrated
in Fig. 28 as an example, the light quantity of the coherent
light 23 may be set to the second set light quantity SLIL
(= 0) by not emitting (turning off) the coherent light 23
during switching from the current emission position IP to
the next emission position IP. Since it is sufficient to turn
off the light source 20 when the light quantity is set to the
second set light quantity SLIL, the control is simple. Also,
it is possible to suppress power consumption as com-
pared to the case where the coherent light 23 is simulta-
neously emitted at the four emission positions IP during
switching from the current emission position IP to the
next emission position IP.
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Embodiment 2-1

[0083] In Embodiment 2-1 illustrated in Figs. 29 to 33,
the coherent light 23 is emitted at a separate emission
position IPFA during switching from the current emission
position IP to the next emission position IP.
[0084] As illustrated in Figs. 29, 30, 31, and Tables 200
in Fig. 32 as an example, when the shooting start instruc-
tion of the interference-fringe image 34 is input, the light
source control unit 65 performs control of causing the
coherent light 23 with the first set light quantity SLIK to
be emitted from the emission positions IP11 to IP55 se-
quentially one by one. Also, the light source control unit
65 performs control of causing the coherent light 23 with
the first set light quantity SLIK to be emitted at a separate
emission position IPFA during switching from the current
emission position IP to the next emission position IP. The
separate emission position IPFA is an emission position
IP separated by at least one emission position IP from
both the current emission position IP and the next emis-
sion position IP. The emission time of the coherent light
23 at the separate emission position IPFA is the same
as the emission time of the coherent light 23 with the first
set light quantity SLIK from each of the emission positions
IP11 to IP55.
[0085] The separate emission position IPFA in the
present example is a position separated from the current
emission position IP and the next emission position IP
by two positions in the Y direction and separated from
the next emission position IP by one position in the X
direction. For example, the separate emission position
IPFA between the current emission position IP11 and the
next emission position IP12 is the emission position IP31.
Also, the separate emission position IPFA is a position
separated from the current emission position IP by two
positions in the Y direction, and separated from the next
emission position IP by four positions in the X direction
and by one position in the Y direction. For example, the
separate emission position IPFA between the current
emission position IP15 and the next emission position
IP21 is the emission position IP35. Note that the separate
emission position IPFA is not limited to the emission po-
sition IP exemplified above as long as the separate emis-
sion position IPFA is an emission position IP separated
by at least one emission position IP from both the current
emission position IP and the next emission position IP.
[0086] Similarly to Embodiment 1 described above, the
imaging control unit 66 starts the operation of the imaging
element 22 before the start of the emission of the coher-
ent light 23 at the emission position IP11. Then, the im-
aging element 22 is caused to perform so-called motion
picture shooting in which the interference-fringe image
34 is continuously output at the predetermined frame in-
terval FS. Note that, hereinafter, the interference-fringe
image 34 output from the imaging element 22 when the
coherent light 23 is emitted from the separate emission
position IPFA is referred to as an interference-fringe im-
age 34M for convenience.

[0087] Fig. 29 illustrates a transition from the emission
position IP11 to the emission position IP15. First, the light
source control unit 65 causes the coherent light 23 with
the first set light quantity SLIK to be emitted from the
emission position IP11. During this period, the imaging
control unit 66 causes the imaging element 22 to output
four interference-fringe images 34K. Subsequently, the
light source control unit 65 causes the coherent light 23
with the first set light quantity SLIK to be emitted from
the emission position IP31 that is the separate emission
position IPFA. During this period, the imaging control unit
66 causes the imaging element 22 to output four inter-
ference-fringe images 34M. Then, the light source control
unit 65 causes the coherent light 23 with the first set light
quantity SLIK to be emitted from the emission position
IP12. During this period, the imaging control unit 66 caus-
es the imaging element 22 to output four interference-
fringe images 34K. Subsequently, the light source control
unit 65 causes the coherent light 23 with the first set light
quantity SLIK to be emitted from the emission position
IP32 that is the separate emission position IPFA. During
this period, the imaging control unit 66 causes the imag-
ing element 22 to output four interference-fringe images
34M. Thereafter, the light source control unit 65 and the
imaging control unit 66 perform similar control.
[0088] Fig. 30 illustrates a transition from the emission
position IP21 to the emission position IP25. The light
source control unit 65 causes the coherent light 23 with
the first set light quantity SLIK to be emitted from the
emission position IP21. During this period, the imaging
control unit 66 causes the imaging element 22 to output
four interference-fringe images 34K. Subsequently, the
light source control unit 65 causes the coherent light 23
with the first set light quantity SLIK to be emitted from
the emission position IP41 that is the separate emission
position IPFA. During this period, the imaging control unit
66 causes the imaging element 22 to output four inter-
ference-fringe images 34M. Then, the light source control
unit 65 causes the coherent light 23 with the first set light
quantity SLIK to be emitted from the emission position
IP22. During this period, the imaging control unit 66 caus-
es the imaging element 22 to output four interference-
fringe images 34K. Subsequently, the light source control
unit 65 causes the coherent light 23 with the first set light
quantity SLIK to be emitted from the emission position
IP42 that is the separate emission position IPFA. During
this period, the imaging control unit 66 causes the imag-
ing element 22 to output four interference-fringe images
34M. Thereafter, the light source control unit 65 and the
imaging control unit 66 perform similar control.
[0089] Fig. 31 illustrates a transition from the emission
position IP51 to the emission position IP55. The light
source control unit 65 causes the coherent light 23 with
the first set light quantity SLIK to be emitted from the
emission position IP51. During this period, the imaging
control unit 66 causes the imaging element 22 to output
four interference-fringe images 34K. Subsequently, the
light source control unit 65 causes the coherent light 23
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with the first set light quantity SLIK to be emitted from
the emission position IP31 that is the separate emission
position IPFA. During this period, the imaging control unit
66 causes the imaging element 22 to output four inter-
ference-fringe images 34M. Then, the light source control
unit 65 causes the coherent light 23 with the first set light
quantity SLIK to be emitted from the emission position
IP52. During this period, the imaging control unit 66 caus-
es the imaging element 22 to output four interference-
fringe images 34K. Subsequently, the light source control
unit 65 causes the coherent light 23 with the first set light
quantity SLIK to be emitted from the emission position
IP32 that is the separate emission position IPFA. During
this period, the imaging control unit 66 causes the imag-
ing element 22 to output four interference-fringe images
34M. Thereafter, the light source control unit 65 and the
imaging control unit 66 perform similar control. Then, fi-
nally, the coherent light 23 with the first set light quantity
SLIK is emitted from the emission position IP55, and four
interference-fringe images 34K are output from the im-
aging element 22. Thus, a plurality of interference-fringe
images 34 (a plurality of interference-fringe images 34K
and a plurality of interference-fringe images 34M) are
obtained. An interference-fringe image group 69 is con-
stituted of the plurality of interference-fringe images 34.
[0090] Table 200 in Fig. 32 summarizes the current
emission position IP, the next emission position IP, and
the separate emission position IPFA. For example, when
the current emission position IP is IP35, the separate
emission position IPFA is the emission position IP55. Al-
so, for example, when the current emission position IP
is IP44, the separate emission position IPFA is the emis-
sion position IP24.
[0091] In this case, the luminance calculation unit 101
calculates representative values of the luminance of a
plurality of regions obtained by equally dividing the inter-
ference-fringe image 34 into, for example, 535 = 25 of
regions. The storage 80 stores, for each emission posi-
tion IP, a luminance distribution in which a representative
value of the luminance of each region of the interference-
fringe image 34 is registered, instead of the threshold
value 91. The determination unit 102 calculates the de-
gree of coincidence between the representative value of
the luminance calculated by the luminance calculation
unit 101 and the luminance distribution stored in the stor-
age 80. Then, based on the calculated degree of coinci-
dence, it is determined whether the interference-fringe
image 34 is the interference-fringe image 34K or the in-
terference-fringe image 34M.
[0092] As illustrated in Fig. 33 as an example, similarly
to Embodiment 1 described above, the image selection
unit 103 generates a selected interference-fringe image
123 by combining two intermediate interference-fringe
images 34 interposed between two first and last interfer-
ence-fringe images 34 among a series of four interfer-
ence-fringe images 34 whose determination results 121
indicate interference-fringe images 34K. Also, the image
selection unit 103 does not select, as a selected interfer-

ence-fringe image 123, the two first and last interference-
fringe images 34 that have not been used for the combi-
nation as indicated by 3 marks, and discards the two
first and last interference-fringe images 34. Also, the im-
age selection unit 103 does not select, as a selected in-
terference-fringe image 123, the interference-fringe im-
ages 34 whose determination results 121 indicate inter-
ference-fringe images 34M, and discards the interfer-
ence-fringe images 34.
[0093] Fig. 33 illustrates a state in which a selected
interference-fringe image 123 is generated from two in-
terference-fringe images 34 of frame numbers 02 and 03
among interference-fringe images 34 of frame numbers
01 to 04 output from the imaging element 22 when the
coherent light 23 with the first set light quantity SLIK is
emitted from the emission position IP11. Also, a state is
illustrated in which a selected interference-fringe image
123 is generated from two interference-fringe images 34
of frame numbers 10 and 11 among interference-fringe
images 34 of frame numbers 09 to 12 output from the
imaging element 22 when the coherent light 23 with the
first set light quantity SLIK is emitted from the emission
position IP12. Also, Fig. 33 illustrates a state in which
interference-fringe images 34 of frame numbers 05 to 08
and 13 to 16 output from the imaging element 22 when
the coherent light 23 with the first set light quantity SLIK
is emitted from the emission positions IP31 and IP32 that
are the separate emission positions IPFA are discarded.
[0094] As described above, in Embodiment 2-1, the
light source control unit 65 performs the control of causing
the coherent light 23 to be emitted at the separate emis-
sion position IPFA separated by at least one emission
position IP from both the current emission position IP and
the next emission position IP during switching from the
current emission position IP to the next emission position
IP. With this aspect as well, it is possible to easily deter-
mine that the emission position IP of the coherent light
23 has been switched from the interference-fringe image
34, and consequently it is possible to smoothly proceed
with the generation of the super-resolution interference-
fringe image 113. Also, it is possible to suppress power
consumption as compared to the case where the coher-
ent light 23 is simultaneously emitted at at least two emis-
sion positions IP during switching from the current emis-
sion position IP to the next emission position IP.

Embodiment 2-2

[0095] Although the interference-fringe image 34M ob-
tained at the separate emission position IPFA is discard-
ed in Embodiment 2-1 described above, the present dis-
closure is not limited to this. As in Embodiment 2-2 illus-
trated in Figs. 34 to 36 as an example, the interference-
fringe image 34M obtained at the separate emission po-
sition IPFA may be used to generate the super-resolution
interference-fringe image 113 without being discarded.
[0096] Table 210 in Fig. 34 summarizes the current
emission position IP, the next emission position IP, and
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the separate emission position IPFA according to Em-
bodiment 2-2. In Embodiment 2-2, since the interference-
fringe image 34M obtained at the separate emission po-
sition IPFA is also used to generate the super-resolution
interference-fringe image 113, the emission position IP
once set as the separate emission position IPFA is not
set as the current emission position IP. Specifically, the
emission positions IP31 to IP35 set as the separate emis-
sion positions IPFA of the current emission positions IP11
to IP15, and the emission positions IP41 to IP45 set as
the separate emission positions IPFA of the current emis-
sion positions IP21 to IP25 are not set as the current
emission position IP. However, the emission positions
IP31 to IP34 are set as the separate emission positions
IPFA of the current emission positions IP11 to IP14, and
are also set as the separate emission positions IPFA of
the current emission positions IP51 to IP54.
[0097] As illustrated in Fig. 35 as an example, similarly
to each embodiment described above, the image selec-
tion unit 103 generates a selected interference-fringe im-
age 123 by combining two intermediate interference-
fringe images 34 interposed between two first and last
interference-fringe images 34 among a series of four in-
terference-fringe images 34 whose determination results
121 indicate interference-fringe images 34K. Also, the
image selection unit 103 does not select, as a selected
interference-fringe image 123, the two first and last in-
terference-fringe images 34 that have not been used for
the combination as indicated by 3 marks, and discards
the two first and last interference-fringe images 34.
[0098] The image selection unit 103 generates a se-
lected interference-fringe image 123 by combining two
intermediate interference-fringe images 34 interposed
between two first and last interference-fringe images 34
among a series of four interference-fringe images 34
whose determination results 121 indicate interference-
fringe images 34M. Also, the image selection unit 103
does not select, as a selected interference-fringe image
123, the two first and last interference-fringe images 34
that have not been used for the combination as indicated
by 3 marks, and discards the two first and last interfer-
ence-fringe images 34.
[0099] Fig. 35 illustrates a state in which a selected
interference-fringe image 123 is generated from two in-
terference-fringe images 34 of frame numbers 02 and 03
among interference-fringe images 34 of frame numbers
01 to 04 output from the imaging element 22 when the
coherent light 23 with the first set light quantity SLIK is
emitted from the emission position IP11. Also, a state is
illustrated in which a selected interference-fringe image
123 is generated from two interference-fringe images 34
of frame numbers 10 and 11 among interference-fringe
images 34 of frame numbers 09 to 12 output from the
imaging element 22 when the coherent light 23 with the
first set light quantity SLIK is emitted from the emission
position IP12. Also, Fig. 35 illustrates a state in which a
selected interference-fringe image 123 is generated from
two interference-fringe images 34 of frame numbers 06

and 07 among interference-fringe images 34 of frame
numbers 05 to 08 output from the imaging element 22
when the coherent light 23 with the first set light quantity
SLIK is emitted from the emission position IP31 that is
the separate emission position IPFA. Also, a state is il-
lustrated in which a selected interference-fringe image
123 is generated from two interference-fringe images 34
of frame numbers 14 and 15 among interference-fringe
images 34 of frame numbers 13 to 16 output from the
imaging element 22 when the coherent light 23 with the
first set light quantity SLIK is emitted from the emission
position IP32 that is the separate emission position IPFA.
[0100] As illustrated in Fig. 36 as an example, the im-
age selection unit 103 does not select, as a selected in-
terference-fringe image 123, interference-fringe images
34M output from the imaging element 22 when the co-
herent light 23 with the first set light quantity SLIK is emit-
ted for the second time from the emission positions IP31
to IP34 (only the emission positions IP33 and IP34 are
illustrated in Fig. 36) as the separate emission positions
IPFA as indicated by 3 marks, and discards the interfer-
ence-fringe image 34M.
[0101] Fig. 36 illustrates a state in which a selected
interference-fringe image 123 is generated from two in-
terference-fringe images 34 of frame numbers 106 and
107 among interference-fringe images 34 of frame num-
bers 105 to 108 output from the imaging element 22 when
the coherent light 23 with the first set light quantity SLIK
is emitted from the emission position IP54. Also, a state
is illustrated in which a selected interference-fringe image
123 is generated from two interference-fringe images 34
of frame numbers 114 and 115 among interference-fringe
images 34 of frame numbers 113 to 116 output from the
imaging element 22 when the coherent light 23 with the
first set light quantity SLIK is emitted from the emission
position IP55. Also, Fig. 36 illustrates a state in which
interference-fringe images 34 of frame numbers 101 to
104 and 109 to 112 output from the imaging element 22
when the coherent light 23 with the first set light quantity
SLIK is emitted from the emission positions IP33 and
IP34 that are the separate emission positions IPFA are
discarded.
[0102] As described above, in Embodiment 2-2, when
the light source control unit 65 performs the control of
causing the coherent light 23 to be emitted at the separate
emission position IPFA during switching from the current
emission position IP to the next emission position IP, the
interference-fringe image 34M obtained at the separate
emission position IPFA is also used to generate the su-
per-resolution interference-fringe image 113 in addition
to the interference-fringe images 34K obtained at the cur-
rent emission position IP and the next emission position
IP. Thus, compared to Embodiment 2-1 described above
in which the interference-fringe image 34M obtained at
the separate emission position IPFA is discarded, it is
possible to finish shooting without waste in a short time.
[0103] Instead of combining the two intermediate in-
terference-fringe images 34 interposed between the two
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first and last interference-fringe images 34 among the
series of four interference-fringe images 34 whose de-
termination results 121 indicate the interference-fringe
images 34K to generate the selected interference-fringe
image 123, one of the two intermediate interference-
fringe images 34 interposed between the two first and
last interference-fringe images 34 may serve as the se-
lected interference-fringe image 123.
[0104] In Embodiment 1 described above, the example
of the control of setting the light quantity of the coherent
light 23 to the second set light quantity SLIL different from
the first set light quantity SLIK during switching from the
current emission position IP to the next emission position
IP has been described. Also, in Embodiment 2-1 and
Embodiment 2-2 described above, the example of the
control of causing the coherent light 23 to be emitted at
the separate emission position IPFA separated by at
least one emission position IP from both the current emis-
sion position IP and the next emission position IP during
switching from the current emission position IP to the
next emission position IP has been described. As de-
scribed below, these controls may be performed in com-
bination.
[0105] As illustrated in Fig. 37, and Tables 220 in Fig.
38 as an example, when the shooting start instruction of
the interference-fringe image 34 is input, the light source
control unit 65 performs control of causing the coherent
light 23 with the first set light quantity SLIK to be emitted
from the emission positions IP11 to IP55 sequentially one
by one. Also, the light source control unit 65 performs
control of causing the coherent light 23 with the second
set light quantity SLIL (substantially twice the first set
light quantity SLIK) different from the first set light quantity
SLIK to be emitted at the separate emission position IPFA
during switching from the current emission position IP to
the next emission position IP. The separate emission po-
sition IPFA in this case is also the emission position IP
of the coherent light 23 with the second set light quantity
SLIL.
[0106] Fig. 37 illustrates a transition from the emission
position IP11 to the emission position IP15. First, the light
source control unit 65 causes the coherent light 23 with
the first set light quantity SLIK to be emitted from the
emission position IP11. During this period, the imaging
control unit 66 causes the imaging element 22 to output
four interference-fringe images 34K. Subsequently, the
light source control unit 65 causes the coherent light 23
with the second set light quantity SLIL to be emitted from
the emission positions IP31 and IP32 that are the sepa-
rate emission positions IPFA. During this period, the im-
aging control unit 66 causes the imaging element 22 to
output four interference-fringe images 34M. Then, the
light source control unit 65 causes the coherent light 23
with the first set light quantity SLIK to be emitted from
the emission position IP12. During this period, the imag-
ing control unit 66 causes the imaging element 22 to out-
put four interference-fringe images 34K. Subsequently,
the light source control unit 65 causes the coherent light

23 with the second set light quantity SLIL to be emitted
from the emission positions IP32 and IP33 that are the
separate emission positions IPFA. During this period, the
imaging control unit 66 causes the imaging element 22
to output four interference-fringe images 34M. Thereaf-
ter, the light source control unit 65 and the imaging control
unit 66 perform similar control.
[0107] Table 220 in Fig. 38 summarizes the current
emission position IP, the next emission position IP, and
the separate emission position IPFA. For example, when
the current emission position IP is IP35, the separate
emission positions IPFA are the emission positions IP55
and IP21. Also, for example, when the current emission
position IP is IP44, the separate emission positions IPFA
are the emission positions IP24 and IP25.
[0108] As described above, the control of setting the
light quantity of the coherent light 23 to the second set
light quantity SLIL different from the first set light quantity
SLIK during switching from the current emission position
IP to the next emission position IP, and the control of
causing the coherent light 23 to be emitted at the separate
emission position IPFA separated by at least one emis-
sion position IP from both the current emission position
IP and the next emission position IP during switching
from the current emission position IP to the next emission
position IP may be performed in combination. Even with
this aspect, it is possible to smoothly proceed with the
generation of the super-resolution interference-fringe im-
age 113.
[0109] The control of the light source 20 and the control
of the imaging element 22 may be performed by separate
independent control devices.
[0110] The shooting mode of the interference-fringe
image 34 is not limited to the exemplified moving image
shooting in which the interference-fringe image 34 is con-
tinuously output at the predetermined frame interval FS.
Continuous shooting in which the interference-fringe im-
age 34 is continuously output at an interval longer than
the frame interval FS, for example, at an interval of 0.1
sec to 1 sec may be performed.
[0111] The light emitting unit 41 may be, for example,
a tip portion of an optical fiber connected to a laser diode
that emits the coherent light 23, the optical fiber guiding
the coherent light 23 emitted by the laser diode. The ar-
rangement of the light emitting units 41 (the emission
positions IP) is not limited to the exemplified square ar-
rangement. The light emitting units 41 may be arranged
in a staggered manner. Also, the number, size, and in-
terval of the light emitting units 41 are not limited to the
exemplified numerical values. The number, size, and in-
terval of the light emitting units 41 can be appropriately
changed in accordance with the size of the pixel 45 of
the imaging element 22, the size of the cell 12, or the like.
[0112] The observation target object is not limited to
the exemplified cell 12. Bacteria, viruses, or the like, may
be the observation target object. Also, the diffracted light
is not limited to the diffracted light 30 transmitted through
the observation target object, and may be diffracted light
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reflected by the observation target object. Further, the
coherent light 23 from the light source 20 may be sepa-
rated into light to be diffracted and light to be referenced,
and the observation target object may be irradiated with
the light to be diffracted and the light to be referenced.
The illumination light does not have to be the coherent
light 23, and may be any light as long as the interference
fringes 33 that can be used for observation are generat-
ed.
[0113] The hardware configuration of the computer 55
of the imaging apparatus 10 can be variously modified.
For example, the computer 55 may be constituted of a
plurality of computers separated as hardware for the pur-
pose of improving processing capability and reliability.
For example, the function of the light source control unit
65 and the function of the imaging control unit 66 are
distributed and assigned to two computers. Similarly, in
the information processing apparatus 11, the functions
of the respective processing units 100 to 106 may be
distributed and assigned to two computers. Some or all
of the functions of the computer 55 of the imaging appa-
ratus may be assigned to the information processing ap-
paratus 11.
[0114] As described above, the hardware configura-
tion of the computer can be appropriately changed in
accordance with required performance such as process-
ing capability, safety, and reliability. Further, without be-
ing limited to hardware, application programs such as
the operating programs 60 and 90 may be duplicated or
may be distributed and stored in a plurality of storages
for the purpose of ensuring safety and reliability.
[0115] In each of the above-described embodiments,
for example, as a hardware structure of a processing unit
that executes various kinds of processing, such as the
light source control unit 65, the imaging control unit 66,
the transmission control unit 67, the RW control unit 100,
the luminance calculation unit 101, the determination unit
102, the image selection unit 103, the super-resolution
processing unit 104 (the alignment processing unit 125
and the generation unit 126), the reconstruction process-
ing unit 105, and the display control unit 106, the following
various processors can be used. As described above,
the various processors include, in addition to the CPUs
52 and 82 that are general-purpose processors that ex-
ecute software (the operating programs 60 and 90) to
function as various processing units, a programmable
logic device (PLD) that is a processor whose circuit con-
figuration can be changed after manufacture, such as a
field programmable gate array (FPGA); a dedicated elec-
tric circuit that is a processor having a circuit configuration
designed exclusively for executing specific processing,
such as an application specific integrated circuit (ASIC);
and the like.
[0116] One processing unit may be constituted of one
of these various processors, or may be constituted of a
combination of two or more processors of the same type
or different types (for example, a combination of a plu-
rality of FPGAs and/or a combination of a CPU and an

FPGA). Alternatively, a plurality of processing units may
be constituted of one processor.
[0117] As an example in which the plurality of process-
ing units are constituted of one processor, first, there is
an embodiment in which one processor is constituted of
a combination of one or more CPUs and software, and
the processor functions as the plurality of processing
units, as typified by computers such as a client and a
server. Second, there is an embodiment of using a proc-
essor that implements the functions of the entire system
including the plurality of processing units by one integrat-
ed circuit (IC) chip, as typified by a system on chip (SoC)
or the like. As described above, the various processing
units are constituted using one or more of the above-
described various processors as the hardware structure.
[0118] Further, as a hardware structure of these vari-
ous processors, more specifically, an electric circuit (cir-
cuitry) obtained by combining circuit elements such as
semiconductor elements can be used.
[0119] The technology of the present disclosure can
be provided by appropriately combining the above-de-
scribed various embodiments and various modification
examples. Also, the technology of the present disclosure
is not limited to the above-described embodiments, and
various configurations may be employed without depart-
ing from the spirit of the present disclosure. Further, the
technology of the present disclosure extends to a storage
medium that non-transitorily stores the program, in ad-
dition to the program.
[0120] The content described above and the content
illustrated in the drawings are detailed description of parts
relating to the technology of the present disclosure, and
are merely examples of the technology of the present
disclosure. For example, the description relating to the
above-described configurations, functions, operations,
and effects is description relating to an example of the
configurations, functions, operations, and effects of the
parts relating to the technology of the present disclosure.
Hence, it is clear that unnecessary parts may be deleted,
new elements may be added, or replacement may be
performed on the described content and the illustrated
content described above without departing from the spirit
of the technology of the present disclosure. Also, in order
to avoid complexity and to facilitate understanding of the
parts relating to the technology of the present disclosure,
description relating to common general technical knowl-
edge and the like that do not particularly require descrip-
tion for enabling the technology of the present disclosure
to be practiced in the description content and the illus-
trated content described above is omitted.
[0121] In this specification, "A and/or B" is synonymous
with "at least one of A or B". That is, "A and/or B" means
that A alone may be present, B alone may be present,
or a combination of A and B may be present. Also, in this
specification, when three or more matters are combined
and expressed by "and/or", the same idea as "A and/or
B" is applied.
[0122] All documents, patent applications, and techni-
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cal standards mentioned in this specification are incor-
porated herein by reference to the same extent as if each
individual document, patent application, or technical
standard was specifically and individually indicated to be
incorporated by reference.

Claims

1. Alight source control device that controls an opera-
tion of a light source that irradiates an observation
target object with illumination light to generate inter-
ference fringes of the observation target object, the
light source having a configuration in which a plurality
of light emitting units of the illumination light are ar-
ranged at a plurality of emission positions, the light
source control device comprising:

a processor,
wherein the processor performs

control of causing the illumination light with
a first set light quantity to be emitted from
the plurality of emission positions one by
one in order to obtain a plurality of interfer-
ence-fringe images serving as a source of
a super-resolution interference-fringe im-
age with a resolution exceeding a resolution
of an imaging element that picks up an im-
age of the interference fringes, and
at least one of

control of setting a light quantity of the
illumination light to a second set light
quantity different from the first set light
quantity during switching from a current
emission position to a next emission
position, or
control of causing the illumination light
to be emitted at a separate emission
position separated by at least one emis-
sion position from both the current
emission position and the next emis-
sion position during the switching from
the current emission position to the next
emission position.

2. The light source control device according to claim 1,
wherein the processor sets the light quantity of the
illumination light to the second set light quantity by
causing the illumination light to be simultaneously
emitted at at least two emission positions during the
switching from the current emission position to the
next emission position.

3. The light source control device according to claim 1,
wherein the processor sets the light quantity of the
illumination light to the second set light quantity by

causing the illumination light not to be emitted during
the switching from the current emission position to
the next emission position.

4. The light source control device according to claim 1,
wherein, when the control of causing the illumination
light to be emitted at the separate emission position
during the switching from the current emission posi-
tion to the next emission position is performed, the
interference-fringe image obtained at the separate
emission position is also used in addition to the in-
terference-fringe images obtained at the current
emission position and the next emission position to
generate the super-resolution interference-fringe
image.

5. The light source control device according to any one
of claims 1 to 4, wherein the light source is a vertical
cavity surface emitting laser array element.

6. The light source control device according to any one
of claims 1 to 5, wherein the observation target object
is a cell being cultured.

7. The light source control device according to any one
of claims 1 to 6, wherein the illumination light is co-
herent light.

8. An operating method of a light source control device
that controls an operation of a light source that irra-
diates an observation target object with illumination
light to generate interference fringes of the observa-
tion target object, the light source having a configu-
ration in which a plurality of light emitting units of the
illumination light are arranged at a plurality of emis-
sion positions, the operating method comprising:

performing control of causing the illumination
light with a first set light quantity to be emitted
from the plurality of emission positions one by
one in order to obtain a plurality of interference-
fringe images serving as a source of a super-
resolution interference-fringe image with a res-
olution exceeding a resolution of an imaging el-
ement that picks up an image of the interference
fringes; and
performing at least one of

control of setting a light quantity of the illu-
mination light to a second set light quantity
different from the first set light quantity dur-
ing switching from a current emission posi-
tion to a next emission position, or
control of causing the illumination light to be
emitted at a separate emission position sep-
arated by at least one emission position
from both the current emission position and
the next emission position during the
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switching from the current emission position
to the next emission position.

9. An operating program of a light source control device
that controls an operation of a light source that irra-
diates an observation target object with illumination
light to generate interference fringes of the observa-
tion target object, the light source having a configu-
ration in which a plurality of light emitting units of the
illumination light are arranged at a plurality of emis-
sion positions, the operating program causing a com-
puter to execute processing, the processing com-
prising:

performing control of causing the illumination
light with a first set light quantity to be emitted
from the plurality of emission positions one by
one in order to obtain a plurality of interference-
fringe images serving as a source of a super-
resolution interference-fringe image with a res-
olution exceeding a resolution of an imaging el-
ement that picks up an image of the interference
fringes; and
performing at least one of

control of setting a light quantity of the illu-
mination light to a second set light quantity
different from the first set light quantity dur-
ing switching from a current emission posi-
tion to a next emission position, or
control of causing the illumination light to be
emitted at a separate emission position sep-
arated by at least one emission position
from both the current emission position and
the next emission position during the
switching from the current emission position
to the next emission position.

10. A digital holography system comprising:

the light source;
the light source control device according to any
one of claims 1 to 7; and
the imaging element,
wherein the imaging element continuously out-
puts a plurality of images while the light source
emits the illumination light with the first set light
quantity from the plurality of emission positions
one by one.
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